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I. LIyrropuction 


1. Preliminary Statement.—The work reported upon in this bul- 
letin was done in connection with the Warm-Air Furnace Investiga- 
tion now in progress at the University of Illinois. This investigation 
has for its object the determination of the efficiencies and capacities of 
warm-air furnaces and a study of the proper conditions of installation 
and operation, so that furnaces may be accurately rated and properly 
selected for the requirements of actual service. The work is being 
conducted under a codperative agreement between the National Warm- 
Air Heating and Ventilating Association and the Engineering Ex- 
periment Station of the University of Illinois. This bulletin is a re- 
port of the tests of heat insulating materials and surfaces made as a 
part of the Investigation, and is included in item (4) of the Objects of 
the Investigation.* 


2. Previous Investigations—In May 1919, it was observed in 
these tests that greater temperature reduction occurred in air passing 
through bright tin pipes covered with asbestos paper, such as are 
commonly used in furnace heating, than occurred in air passing 
through the same bright tin pipes uncovered, all other conditions in 
the comparative tests being the same. It was therefore evident that 
the actual heat loss was greater through the asbestos paper-covered 
pipes than through the same pipes uncovered. 

This fact was reported at the annual Spring Meeting of the Na- 
tional Warm-Air Heating and Ventilating Association, Columbus, 
Ohio, June 11, 1919, as follows: ‘‘ . . We found that we lost about 
35 per cent more heat through the pipe covered with asbestos paper 
than through the same tin pipe not covered. . . This great loss 


“amounts to approximately 5 per cent of the coal consumed. 


Furthermore, it costs from ten to fifteen dollars to cover the heat pipes 


_ of the average house installation with asbestos paper.’’t 


* University of Illinois Engineering Experiment Station, Bulletin No. 112, “A Report 
of Progress in Warm-Air Furnace Research,” by Prof. A. C. Willard, p. 8. 

+ Proceedings of the National Warm-Air Heating and Ventilating Association, p. 70. 
June 11, 1919. 
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Because of the inefficacy of many of the present warm-air furnace © 
heat insulating methods, it is evident that a complete study of various 
insulating materials, coverings, and surfaces would be justified. 


3. Acknowledgments.—Credit is due Professor A. C. Wmuarp 
for the original idea of the scheme for testing the samples, and for the 
keen support which, as the active supervisor of the Investigation, he 
gave this work. 

Professor A. P. Kratz gave valuable advice and assistance in the 
use of the thermocouples. : 


4. Significant Conclusions—The results of the tests have been 
given some publicity heretofore, but not in the complete form pre- : 
sented in this bulletin. The following significant results as applied to 
warm-air furnace heating are deserving of special emphasis. 


(1) The use of thin sheets of asbestos paper on bright tin 
heat pipes results in a waste of heat. The use should be 
abandoned. 

(2) Uneovered bright tin pipes are more efficient earriers 
of heated air than asbestos paper-covered bright tin pipes. 
See item (4). 

(8) This fact is true regardless of the degree of bright- 
ness of the tin surface. 

(4) No small number of applications of asbestos paper 
will suffice as an insulator. Several thicknesses are necessary 
to make a covering equal in this respect to the bare tin. 

(5) The accumulation of dust and dirt on the pipes does 
not greatly alter the amount of the loss. 

(6) The heat loss from warm-air furnace pipes covered 
with one layer of asbestos paper is a serious item in the cost 
of heating, amounting to more than 5 per cent of the coal con- 
sumption, depending upon the number and size of the pipes 
used. 

(7) The fact that pipes are partly protected from convee- 
tion currents of air by joists and studding does not greatly . 
affect the loss. 

(8) Unless the insulation excels the uncovered bright tin 
in heat insulation properties it should not be used. 

(9) Sueh materials are available and the tests have shown 
their merits. 
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Il. Tsp Testing EQuieMeEnt’. 


The report mentioned in paragraph 2, which was made at Colum- 
bus, Ohio, gave the results of tests on the Auxiliary Testing Plant (see 
Fig. 6).* It was difficult to obtain entirely satisfactory data on this 
plant because of the variation in the velocity of the air flowing up the 
leader and the difficulty of correctly measuring the temperature of the 
air, as described later in this bulletin. It was therefore decided that a 
special apparatus should be devised which would eliminate possible 
errors in temperature measurements. 

5. Description—tThe apparatus here described, (Figs. 1 and 2) 
was the one used in the tests reported in this bulletin. It consisted of 
low pressure steam heated drums, five in number, surrounding a cen- 
tral steam header from which the drums drew their supply of steam. 
The drums were accurately uniform in size, ten inches in diameter 
by twenty inches in length and were made of sheet metal of the kind 
to be tested. Steam was condensed in the drums by the cooling ac- 
tion of the air surrounding them and was discharged through water 
seals connected to each drum. These seals were U-tubes made of pipe, 
and were long enough to contain a water head of four feet. As the 
steam condensed the seals became filled with water; the condensate 
then dripped over into receivers as fast as it accumulated. The water 
in the seals cooled to room temperature before it dripped into the re- 
ceivers so that evaporation was not influenced by the heat of the water 
in the receivers. Each receiver was mounted on a small weighing 
scales accurate to one one-hundredth pound. 

A mercury manometer was used to obtain the pressure of the 
steam in the central header, and since the temperature of the steam 
for any known pressure may be taken directly from steam tables, it 
was possible to determine the temperature of the medium within the 

drum with great accuracy. A pressure regulator in the steam supply 

line held the pressure constant within a small fraction of a pound, 
about 0.2 pound being the variation during a test; as the temperature 
change for the pressure variation was negligible, the temperatures 
were uniform and accurate within one degree. 


* University of Illinois Engineering Experiment Station, Bulletin No. 112, ‘A Report 
of Progress in Warm-Air Furnace Research,” by, Prof. A. ©. Willard, pp. 45-49. 
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Fig. 2. PHorogRapH SHOWING THE PRINCIPAL OPERATIVE FEATURES OF THE STEAM 
Drum PLANT 
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No thermometers were required for determining the steam tem- 
perature, but one was used in each drum at the point of outlet of the 
condensate to detect the presence of air in the drums. The readings 
of these thermometers decreased upon the formation of air pockets 
in the lower part of the drums or in the connected piping. Air could 
be blown out of small petcocks located near the thermometers in the 
piping. No effects on the coefficients were noticeable when steam was 
allowed to escape for short periods from these petcocks, which could 
therefore be opened during a test to discharge any small accumula- 
tion of air. 

The drums were shielded from radiation from each other by 
blackened compo-board partitions. These partitions did not in any 
way interfere with the flow of natural air currents. The temperature 
of the air was measured by thermometers suspended at the elevation 
of the drums at convenient positions nearby. The thermometers were 
not affected by radiation from the drums. 

Thus, the actual measurements involved were simple and were 
not liable to serious error. These measurements consisted of the weigh- 
ing of the steam condensed, the reading of the pressure of the steam, 
and the reading of the room air temperature. 
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Ill. Tae Tzsts 


6. Operation—tThe tests reported herein, forty in number, with 
four drums under steam in each test, were carried out at night when 
the doors and windows of the large laboratory were closed. No air 
currents were noticeable near the apparatus. A period of ten hours 
was chosen for the duration of a test as that time was sufficient to 
permit accumulations of condensate great enough to render negligible 
the slight error in weighing. These quantities of water varied from 
5 to 20 pounds depending upon the surface material of the test drums. 
The steam pressure was constant on any given test within 0.2 of an 
inch head of mercury. In all the tests there was only one case in which 
the thermometers indicated the presence of air in the drums at the 
end of ten hours operation. The greatest variation of temperature of 
the surrounding atmosphere during any night was four degrees Fah- 
renheit. A recording thermometer was used to show the uniformity 
of the laboratory temperature. 

The drums were tested in different positions around the steam 
header in order to compensate for any irregularity in the flow of 
steam to the drums or in the currents of air about the drums. As no 
irregularities were noticeable in the values of the coefficients of emis- 
sivity for the various positions, the practice was abandoned after the 
first four drums were tested in the interchanged positions. 

One drum, of bright tin not insulated, was in operation in all tests. 
Its performance served as an indication of any lack of uniformity im 
the conditions existing throughout the tests. 

In order to make correction for the loss of water by evaporation 
from the receivers, a receiver of water was balanced on a scales and 
the loss in ten hours actually determined by weighing. After several 
trials in which the loss ranged from 0.10 to 0.12 pound it was decided 
to use the value 0.11 pound. This amount was applied as a correction 
to all the weights of water. Every test was repeated until the results 
obtained were found to agree within very small limits. In no case are 
the data reported, the result of less than two tests, and in most cases 
four were run. Two tests were considered sufficient if the results 
agreed within one per cent of their mean value. 
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7. Specimens Tested—A complete list of the drums tested is 
given in Figs. 5 and 5a. In the list will be found a description of the 
insulation or the surface material, the actual area of the drum exposed 
to the steam, and an abstract number assigned to the drum (which 
will be useful in connecting the description with the results reported 
later in this paper). Fig. 4 shows sections through some of the insula- 
tions which were of complex construction. 
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IV. THe Caucuuations 


In caleulating the coefficients of emissivity for the various sur- 
faces it was assumed that heat of the vapor was entirely given up, upon 
condensation, to the air through the walls of the containers and the 
connected piping. Tests on the low pressure steam-line supplying 
the drums show a steam quality of over 99 per cent. The expression 
for the coefficient is, therefore, calculated as follows: 


rw 
K, = Ae) . ee : : - (1) 
in which, K,=B. t. u. per sq. ft. per hr. per 1 degree F. 
r=latent heat of one lb. of the steam. 
W =weight of condensate per hour. 
t, =temperature of the steam. 
t, =temperature of the surrounding air. 
A'=area of the drum exposed to the steam. 


Correction must be made for the loss of heat through the half-inch 
pipe of which the water seal was made. This loss is not accounted for 
in the calculation for K, above. Three lineal feet of the half-inch pipe 
were exposed to the steam. The correction is made by using a coeffi- 
cient of emissivity for this pipe of 2.50 B. t. u. per sq. ft. per hr. per 1 
degree I. and the exposed area of 0.375 sq. ft., or, 2.50x0.875 = ap- 
proximately 1.00 B. t. u. per hr. per 1 degree FE’. to be subtracted from 
the heat loss, or, 


AK; (t:—t,) —1.00 (f,~-t,.) = AK @,—t,) 


AK,—1.00 


and K corrected = A 2 eee ok ee ee 


This correction was verified by tests made on the drums with the 
water seals heavily insulated with hair felt. The values of K so deter- 
mined agree closely with the values obtained by applying the correc- 
tion. 

Fig. 3 is a copy of a test data sheet and shows all readings and 
calculations for one test. 
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V. RESULTS OF THE TESTS 


8. Discussion —tThe significance of the tests will be best under- 
stood by a study of the information presented in the diagrammatic 
chart, Figs. 5 and 5a. The heavy black bars afford a graphic com- 
parison of the heat emitting value of the various surfaces. Reference 
must be made to the descriptive list of drums in order to connect the 
data with particular test specimens. The relative efficiencies of the 
various surfaces as heat insulators are given in the next to the last 
column of the chart. The coefficient for bright IC tin was used as the 
basis for this comparison. 


Corrugated Air-Cell Asbestos Corrugated Air-Cell Asbestos 


Specimen No.3 Speciinern No.6 


a“ 
Z Air Space 


Specimen Nos.10 & 12 Speciinen No. 1S 


Clorh Wrapping. 2 as Asbestos Cement 


u 


ine Ash Dust 


Galv. /ron 


Specimen Na. é/ Specimen No. 1a 


Fic. 4. Sections SHOWING CONSTRUCTION OF SOME OF THE COMPLEX SURFACE 
COVERINGS 
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The first result of importance is the convincing evidence which 

_the tests present as an argument against the use of thin layers of as- 

bestos paper covering on bright tin pipes. The heat loss was 39 per 

cent greater with one thickness of the paper than without. Such a loss 

is of no small degree of importance as calculations will show that it 

results in a waste of 5 per cent or more of the coal consumed in the 
average house furnace. 

The fact that the heat loss from the warm-air pipes of a furnace 
system is of some consequence is not appreciated generally. A con- 
siderable part of the heat of the air flowing through the pipes of the 
average installation is dissipated from the pipe surface to the surround- 
ing air and nearby objects. The insert in Fig. 6 sets forth the results of 
tests made to determine the amount of this loss. The tests were carried 
out on a single leader pipe furnace,* see Fig. 6, in which the quantity 
of air handled and the heat content of the same above the entering tem- 
perature could be readily ascertained. The heat loss was determined 
by calculation from the drop in temperature of the air in its passage 
through the pipe. The temperature and velocities indicated in the 
curves are fair representative values. 

The significance of these preliminary tests is to bring out the fact 
that the heat loss from warm-air furnace pipes is a serious item. From 
the curves, it can be seen that in the case of the asbestos paper-covered 
pipes, the loss amounts to about 23 per cent of the heat of the air at 
the bonnet, above inlet air temperature. If the pipe is of bright tin 
and not covered, this loss is reduced to about 17 per cent of the heat 
available. In either case the loss is great; and with the further con- 
sideration that a warm-air furnace under average conditions of in- 
stallation is, at best, only about 60 per cent efficient, it will be under- 
stood that the actual waste of coal ascribable to poor heat pipe insula- 
tion is enough to warrant attention. 

The attempt was made in the steam drum tests to determine the 
effect upon the heat loss of having the drum partly enclosed so that 
free circulation of the air about the drum would be prevented. The 
experiment simulated the effect of running leader pipes between 
joists. The results of these tests as shown in No. 14 and No. 14a in- 
‘dicated a slight decrease in the value of for the enclosed drum. 

The argument has been advanced that if bright tin pipes were 
used without covering, they would soon become fouled with dirt and 


* University of Illinois Engineering Experiment Station Bulletin No. 112, “A Report 
of Progress in Warm-Air Furnace Research,” by Prof. A. C. Willard. 
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Fic. 6. ELEVATION OF AUXILIARY FURNACE PLANT WITH INSERT SHOWING 
PERCENTAGE OF HEAT LOST FROM COVERED AND FROM BARE BriGHT TIN PIPES 
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dust and so rendered less efficient heat carriers than asbestos paper 
covered pipes. The fallacy of this argument is revealed by tests No. 
la and No. 16a. In these tests fine ash dust was sifted on the test 
drums, one of bare bright tin and the other asbestos paper covered. 
The dust was more than one-sixteenth inch deep on top of the drums. 
The results as shown in tests No. la and No. 16a of the chart indicate 
that the bare tin suffered a loss of 11 per cent in efficiency whereas 
the asbestos paper surface improved 2.4 per cent. There still re- 
mained, however, a difference of 25 per cent in favor of the bare tin 
pipe. 

In order to demonstrate further the inefficacy of thin layers of 
asbestos paper as a heat insulator, tests were run in which the number 
of thicknesses of paper was increased until the heat loss became less 
than the loss through a bare bright tin specimen. The curve (Fig. 7) 
gives the results of these tests. Hight thicknesses of the twelve-poun« 
paper were applied before the desired result was obtained. In these 
tests the moistened paper was wrapped tightly and shrunk on the 
drums so that only a small quantity of air was entrapped between the 
suceessive layers of paper. The total thickness of paper was two- 
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tenths of an inch. The impractical features of such a method of in- 
sulating are of course evident. The use of thin layers of asbestos paper 
on bright tin pipes must be abandoned if the best results are to be ob- 
tained in furnace heating. 

Other materials of better heat insulating value than the bare tin 
were tested. Numbers 3, 6, 10, 12, 15, 18, and‘21, all show values which 
indicate that a large saving would be effected by their use. Some of 
them are expensive and not easy of application, but good selections 
may be made. The air-cell combinations Nos. 3 and 6 are excellent in- 
sulators, are easy to fit to basement leaders, are not expensive, and the 
latter, in particular, is not bulky. 

The double wall tin pipes Nos. 10 and 12 are very efficient in- 
sulators and are easy to construct and to install. Other tests are in 
progress which are expected to establish still further the merits of 
this type. 

The tests on galvanized iron specimens brought out the fact that 
the heat loss through this material is not greater than through bright 
tin of the same gage. This low heat radiating property is an argu- 
ment in favor of the galvanized iron leader pipe. Nos. 18 and 21 
are good insulations for the exterior of furnace casings, the heat loss 
through the latter being almost negligible. No. 21 is very easily 
applied. 

The tests on drum No. 11 were made to determine the effect of 
transparent applications on the tin surface. Bakelite lacquer was 
used. The result was a slight increase in the heat loss. It was thought 
that the use of the lacquer would be justified in practice by its rust 
preventing qualities, but specimens exposed to steam laden air for 
long periods show no advantage for the protective coating. 

Tests Nos. 20 and 23 were made for the purpose of ascertaining 
the effect of color upon the heat radiating value of a surface. Applica- 
tions of white calecimine were made on a drum which was tested; then 
a coat of dull black calecimine was added and the drum re-tested; a 
final coating of white calcimine was applied and the drum again tested. 
The alternate tests with white calcimine checked very closely proving 
that the additional thickness of the calcimine was not sufficient to have 
any bearing on the results. Beyond demonstrating the superior radiat- 
ing value of a dark surface, the tests have little significance. 

Specimens Nos. 4 and 5 demonstrated the uneconomical effect due 
to increased heat loss of any kind of oil paint applications on heat 
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pipes. A comparison of Nos. 1 and 4 will show the enormous increase 
in heat loss caused by painting bright tin heat pipes, and a comparison 
of Nos. 2 and 5 will show the similar wasteful effect of painting over 
the asbestos paper covering. However, the use of paint on asbestos 
paper has in its favor the moisture-proofing effect of the paint. 

Other information of value may be found in the data given in the 
table. ‘To use these data for the determination of the approximate 
heat loss from a heat pipe, it is only necessary to multiply the value 
of K for the surface by the surface area of the pipe exposed and fur- 
ther multiply by the difference in temperature between the air inside 
and outside the pipe, or, 


B. t. u. loss per hour = K x Area in sq. ft. x (¢, — ta) 


On account of the difficulty of correctly measuring the temperature of 
the air near the inner surface of the pipe, the method of determining 
the loss from a pipe as here given, is only approximate. 
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VI. CorroporatTive TESTS 


9, The Auxiliary Air Plant.—In order to show the connection 
between the work done on the steam drums already described and 
conditions obtaining in a warm-air system, the following account of 
experiments conducted on the Auxiliary Furnace Plant* which is 
shown in Fig. 6 of this bulletin is given. In these experiments, the 
weight of air flowing up the pipe was determined by the use of the 
steam-air meter which supplied the heat. Half way along the ten- 
foot length of the ten-inch leader pipe was located a traversing device 
(Fig. 8) which made it possible to get temperatures at any point across 
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Fig. 8. DIAGRAM OF THERMOCOUPLE CONNECTIONS TO THE AUXILIARY 
TESTING PLANT 


* University of Illinois Engineering Experiment Station Bulletin No. 112, ‘A Report 
of Progress in Warm-Air Furnace Research,’ by Prof. A. C. Willard. 
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the pipe diameter by intervals of one-hundredth of an inch. A ther- 
mocouple was used in the traverse and its readings were accurate with- 
in one degree Fahrenheit. A second couple was tinned to the surface 
of the pipe and by rotation of the pipe (a short section could be 
turned) temperatures at any point on the surface in the plane of rota- 
tion of the couple could be determined. 


10. Yemperature Measurement—tThe couples used in this work 
were made of copper and constantan wires of No. 22 gage. The junc- 
tions were silver soldered. Fig. 8 shows the wiring arrangement and 
the instruments used for two couples. As many couples may be used 
as there are contact points on the selector switch. Four were used 
on the leader pipe for the tests here described. The couples were 
calibrated individually in a hot oil bath over a range of 200 degrees, 
and calibration curves were carefully drawn. It is possible to repeat 
readings of the pyrovolter within 0.01 millivolt which by calibration is 
0.4 degree Fahrenheit. This insures an accuracy of reading of one- 
half degree. As the couples were soldered to the surface of the pipe 
in some parts of the work, it was thought advisable to repeat the eali- 
bration after the couples were removed from the pipe. The constancy 
of the couples was found to be unaltered by the soldering to the pipe. 
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The use of thermometers for accurate temperature measurements 
in an air stream is not satisfactory. Thermometer readings will not 
be in agreement with thermocouple readings though both are suspended 
in close proximity in the same stream of moving air. For this reason 
thermocouples were used throughout these tests. 

In Fig. 9 are given temperature traverse curves showing the varia- 
tion in temperature across the ten-inch pipe. Curves are shown for both 
the asbestos paper-covered pipe and the bare pipe, all other conditions 
of the tests being identical. The curves demonstrate the heat-radiating 
value of the asbestos paper. Note that not only the air temperature 
but the surface metal temperature beneath the paper is lower in the 
case of the covered pipe, this fact indicating that the tin is conducting 
the heat to the asbestos covering which in turn radiates it more rapidly 
than does uncovered tin. Very exact means were taken to deter- 
mine the temperature of the film of air in contact with the inner sur- 
face of the pipe. The traversing couple, made of wire 0.025 inch in 
diameter, was filed flat at the junction so that it was less than 0.02 inch 
thick. Measurements of the temperature were made with this thin 
couple at a distance from the pipe surface just great enough to cause 
a break in an electric circuit through the couple and the pipe, the 
break being indicated by a small voltmeter in the circuit. The dist- 
ance was less than 0.01 inch from the pipe surface. The temperatures 
were found to differ from the metal temperature 15 to 30 degrees, the 
ereater difference existing in the case of asbestos paper-covered pipe. 
(See the sample data sheet Fig. 10 for data on these measurements. ) 

The temperature change of the air flowing in the pipe was 
determined by the use of couples suspended in the air stream three 
inches below the top of the pipe. These couples correctly register the 
temperature drop of the mass of air between any two sections for the 
reason that the traverse curves are similar in shape at all sections 
along the pipe, and the error in reading the temperature due to a 
difference in the traverse curve is very slight. This fact is illustrated 
in Fig. 9 at Sec. 1 and See. 2. It will be seen that a great difference 
in the shape of the traverse curve would be necessary to cause serious 
error in determining the temperature drop along the path of flow 
of the air. 

In measuring the temperature of the pipe surface, it was found | 
that, whereas the air in the pipe dropped in temperature, the pipe it- : 
self showed a measurable increase in temperature away from the 
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furnace. ‘This slight increase occurred when the pipe was covered as 
well as when bare. As this increase amounted to only about 3 degrees 
and was proportional to the length of pipe, it was considered per- 
missible to use the temperature half way up the leader as the mean 
metal temperature. 


11. Calculation.—The coefficient of emissivity for the pipe sur- 
face may be calculated since the heat loss through the surface of the 
pipe between any two sections is equal to the decrease in the heat con- 


tent of the air in its passage through the length of pipe between the 
two sections, or, 


0.24 W (tt, )=A (lets) Kae o's 2) ee 
in which W is the weight of air flowing. 


t,-t, =the temperature drop of the air in the given length of 
pipe. 

A =the area of the pipe exposed in the given length of 
pipe. 

t,t, =the drop in temperature between the metal of the 
pipe and the air. 

K, =the coefficient of emissivity not corrected. 


Solution of the equation will furnish a value for K,, which will 
not, however, check or agree with the value determined in the steam 
drum tests of the same material. The variation may be easily ex- 
plained since it is a well-established law that the coefficient of heat 
emissivity of a hot body varies with the temperature difference between 
the heating and the cooling medium. (See tests of radiators by J. R. 
Allen which demonstrate this fact) .* 

In the case of the heat pipe the temperature traverse showed — 
a low air temperature near the inner surface of the pipe and also a cor- 
respondingly low temperature of the metal of the pipe. The result 
is a comparatively low value of ¢;-t. and according to the law, a low 
coefficient is to be expected. 

The following case will illustrate: the pipe was covered with 12- 
pound asbestos paper. The surface couple showed that the tempera- i 


* Paper by J. R. Allen, given ,before American Society of Heating and Ventilating 
Engineers, Jan. 28, 1920. : 
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ture of the tin beneath the paper was actually lower than the tempera- 
ture in the ease of a bare pipe. 


W +=479 

ty —t,=17 

t, —ta=44 
A = 26.40 


_ 479 X0.24X17 


K,= 44X26.40.. 1.77 B. t. u. per sq. ft. per hr. per 1 degree F. 


Assuming that the correction of 0.2 per cent per degree F. below 
the standard range of 150 degrees which is used in making corrections 
with direct radiators, applies to this surface,* the value of A becomes: 


K, = K-—0.002 K [150 —- (ts - ta) | 
1.77 = K [1-—0.002 (150 — 44) | 
K = 2.24 B. t. u. per sq. ft. per hr. per 1 degree F. 


This result is in close agreement with the value of K= 2.08 as deter- 
mined in the steam drum tests, and reported above. 


12. Conclusion.—Enough tests have been made on this apparatus 
to entirely corroborate the results obtained on the steam drums, and 
additional tests are in progress in which more exacting methods are 
employed. f 


* “Mechanical Equipment of Buildings,’ by Harding and Willard, Vol. 1, p. 78. 
+ For further information regarding the tests involving the use of thermocouples on 


: this plant, see University of Illinois Engineering Experiment Station Bulletin No. 112, “A 


——— 


Report of Progress in Warm-Air Furnace Research,” by Prof. A. C. Willard. An abstract 
of this bulletin was presented at the Annual Meeting of the American Society of Heating 
and Ventilating Engineers, at New York, January 28, 1920. 
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